INTRODUCTION
In 2003, Ganz et al.
1) described anterior femoroacetabular impingement (FAI) as an under recognized cause of early hip osteoarthritis. Impingement is a purely mechanical hip disorder defined as abnormal contact between skeletal prominence of the acetabula rim or femoral head-neck junction that leads to painful, periarticular joint. If untreated, FAI can lead to endstage osteoarthritis of the hip joint and may be one of the main causes of so-called primary osteoarthritis of the hip. Depending on the pathomechanism, two types of FAI, pincer and cam can be distinguished. Isolated cam or pincer lesions are not very common; 86% of all affected patients showed combined deformity 2) . But imaging studies according to Byrd and Jones 3) , Bellalche et al. 4) showed a cam effect in 58% to 73% of cases and mixed cam and pincer effects in 9 to 19% of cases. Anterior FAI has been increasingly recognized over the last five to six years as a cause of hip pain in adults younger than 50 years of age. This FAI was newly identified and recognized as a risk factor for labral, cartilage damage, and early hip osteoarthritis is now understood as a major role of hip primary osteoarthritis 5) . Clinical signs of FAI often present themselves in active, young adults as groin pain of slow onset, usually noticed after an episode of minor trauma. Most patients are 20 to 50 years old. In 70% of all patients were athletically active and 30% of patients were elite athletes 5) . Patients complain of sharp pain or lasting aches in the groin which can last from a few minutes to a few hours. Some patients feel apprehension or discomfort in the seated position, particularly when sitting on low seats or while driving.
Usually patients report no pain during walking. Sports most implicated in this condition require repeated forceful flexion of the hip (combat sports, dancing, gymnastics, rowing, hurdle racing, golfing and taekwondo practice).
Imaging studies are very important to find a FAI. We usually use pelvis anteroposterior radiographs (AP), frogleg lateral view, Dunn 45。 , 90。views and false profile views. Pelvis AP view should be used as the standard method to check rotation or tilting deformities. AP view should be taken with the patient in a supine position and the leg internally rotated (15。 ). The distance between the symphysis pubis and sacro-coccygeal joint should be 1-4 cm 6) . The physician should carefully evaluate: ① the cross-over sign (local retroversion) which indicates acetabular focal retroversion. In a normal hip, the acetabulum is anteverted; the anterior wall runs medial to the posterior rim without crossing it. In anterior acetabular over coverage, the anterior acetabular rim is projected more lateral than the posterior rim ② the posterior acetabular over coverage can be evaluated by determining the position of the posterior acetabular rim relative to the femoral head center. In a normal hip, the posterior rim of the acetabulum runs approximately through the femoral head center. If the posterior wall is too prominent, the projected posterior wall line runs lateral to the femoral head center, indicating posterior FAI in extension and external rotation. The acetabular protrusion (③ coxa profunda), which refers to the degree of displacement of the medial acetabular wall relative to the ilioischial line, can be measured in order to quantify the abnormality. Generally, acetabular over coverage can be judged by the depth of the acetabular fossa. In healthy patients the acetabular fossa is lateral to the ilioischial line. In the case of coxa profunda the acetabular fossa touches or crosses the ilioischial line. In the case of ④ protrusion acetabuli, which represents the worst type of general over coverage, the femoral head crosses the ilioischial line. Coxometric measurement techniques are used to quantify acetabular depth, including the lateral center-edge angle, acetabular index, and femoral head extrusion index. Normally, the lateral centeredge angle varies between 25。and 39。 . The acetabular index (also called acetabular roof angle) is formed by a horizontal line through the medial edge of the sclerotic zone and lateral edge of the acetabulum. In hips with coxa profunda or protrusion acetabuli, the acetabula index typically is 0。or even negative. The femoral head extrusion index is defined as the horizontal portion of the femoral head that is uncovered by the acetabulum even if there is maximal extrusion of 25% (indicating dysplasia). Usually a pincer impingement is caused by a focal or general acetabular over coverage with a relatively normal femur or a large deformation of the femoral head. Repeated micro trauma induces cystic deformation of the labrum and bone growth at its base that subsequently ossifies (⑤ os acetabuli). This rim ossification is responsible for additional deepening of the acetabulum and worsening impingement. Pincer impingement is more common in middle-aged women.
False profile view may show an excessively arched acetabular roof, creating ⑥ an exaggerated downward slope of the anterior portion of the roof and thereby exacerbating the pincer effect. This roof curve abnormality has been described elsewhere. It was found in 8% of patients, usually in combination with other morphological abnormalities 7) . It has been postulated that the focal pressure increase resulting from this deformity may precipitate the development of hip osteoarthritis. Most importantly, the surgeon must evaluate joint space narrowing in order to assess initial hip osteoarthritis. He should then look for indications for arthroscopy. False profile view is not used widely for diagnosing FAI because it does not show the relationship between the anterior and posterior acetabular walls. Rather, it can be used for diagnosing early joint degeneration in the inferior part of the acetabulum, which is also an indication for hip joint preserving surgery 5,7) . The cam-lesion (femoral neck bump) predominates at the anterosuperior part of the head-neck junction. The osseous irregularity involves superior lateral part loss of the concave of the neck (so-called pistol grip deformity). This abnormality is usually located anteriorly and is therefore not seen on AP view. The frog-leg lateral and lateral Dunn views are more useful in detecting the anterior femoral neck bump lesion 6) . A pistol-grip deformity occurs in approximately 6% of men and 2% of women 6) . It can be quantified by the alpha-angle ( α-angle). The α-angle is formed by the femoral neck axis and a line connecting the femoral head center with the point of beginning at the asphericity of the superior femoral head contour 8) . A normal α-angle in AP pelvic view is 65。in men and 50。in women. Most surgeons use 55。as a cut-off value for defining cam-impingement 9) . Magnetic resonance arthrography (MRA) which is also helpful in evaluating casual morphological abnormalities and head asphericity can be used to quantify the α-angle for the appropriate section. We used an indirect MRA for this purpose (the iMRA method showed a sensitivity of 88% and an accuracy of 90% in detecting labral pathology) 10) .
HIP ARTHROSCOPIC MANAGEMENT
The goal of FAI treatment is to restore the normal anatomy and to preserve as much as possible the labrum and femoral-head neck junction in case of cam impingement. Arthroscopic treatment of FAI is successful and clinical outcomes are similar to those of open surgical dislocation treatment and have a low complication rate 11, 12) . Harris et al. 13) reviewed arthroscopic procedures of 6,000 patients. The three most common diagnoses were labral tear (38%), FAI (36%; cam 37%, pincer 16%, mixed 47%) and osteoarthritis (16%). Both genders were equally represented (52% female and 48% male participants). Most operations were performed in the supine position (62%). Labral treatment (50%) and femoral/acetabular osteochondroplasty (32%) were the most commonly performed procedures. Only 35% of cases used techniques for accessing the joint (i.e., capsulotomy/capsulectomy). Of those that did only 16% indicated capsular repair.
Are the Results for Labral Debridement and
Refixation Very Similar?
Some surgeons prefer to refixate injured labrums while others prefer to excise degenerated ones. Larson et al. 14) published a comparative study. Group 1 with refixated labrums (50 hips) had better subjective outcomes than group 2 with focally excised or debrided labrums (44 hips) (P<0.01). At a mean 3.5 year follow-up, good to excellent results were noted in 68.2% of group 2 and 92% of the refixation group (P=0.004). This report also suggests that the labrum provides a sealing function and some degree of joint stability. Debated opinion can be noted a degenerative labrum, on the other hand, may be the source of discomfort and its preservation may result in persistent pain and the added risk of failure of re-attachment.
Does the Range of Motion Increase after a
Cam-resection?
FAI patients have a significantly decreased range of motion with respect to internal rotation of the hip. Audenaert et al. 15) assessed the range of internal rotation in healthy people and found it to be an average of 27.9。 . An asymptomatic group had an angle of 21.1。while FAI patients had an angle of 12.3。(P<0.001). The range of motion is not related to the size of the cam lesion. Decreased femoral anteversion and increased acetabular over coverage add to the risk of early osteoarthritis. In this case, excessive cam resection may necessitate the restoration of the normal range of motion. KubiakLanger et al. 16) reported on the influence of surgical debridement: the average improvement of internal rotation was 5.4。for pincer hips, 8.5。for cam hips, and 15.7。for mixed impingement. Kelly et al. 17) carried out a survey for patients under the age of 40 years: internal rotation of the hip increased from 9.9。 ±6.6。preoperatively to 27.6。 ± 6.4。after decompression, and 30.1。 ±5.3。at three months (P<0.003). However, hip flexion was not significantly different immediately after decompression, but improved significantly from 115.7。± 13.3。 preoperatively to 127.9。 ±6.6。postoperatively (after three months). Although improvement in internal rotation after decompression increased independently of femoral version, patients with abnormal version had altered internal rotation with increased values associated with increased anteversion and decreased relative retroversion (P<0.05). All reports which deal with femoral-osteoplasty for cam impingement show progressive improvement of internal hip rotation after about three months.
What is the Ideal Amount of Bone Resection to
Restore?
The ideal amount of bone resection to restore has not been determined. A standard resection is about 7 to 10 mm from the labral edge (distally). Larger resections can result in loss of the sealing function of the labrum. Decompressions of cam lesions do not influence the ability to restore the α-angle to below 50。 . Resections based on α -angle restoration should be discouraged. It is important to maintain labral function whenever possible, and attempts should be made to maintain the labral seal function 18) . Sometimes reshaping of the lateral edge of the head could not be completed in AP view. Therefore, some resection was carried out in cross-table lateral view (Dunn 90。view). So we need a multiplane examination of the femoral head-neck junction. In addition, an image intensifier is necessary to understand the threedimensional pattern of the deformity and to ensure a complete circumferential resection 14) . However, it must be acknowledged that the main reason for hip arthroscopy revision is likely incomplete or inadequate remodeling of FAI deformities.
Is Capsular Repair to Be Preferred?
Whether one should go ahead with capsular repair or not is an open question (Fig. 1) . Domb et al. 19 ) published a retrospective review of the impact of capsular repair. They compared an unrepaired capsular group (A) comprising 235 patients with a repaired group (B) comprising 168 patients. They tried to determine whether capsular repair showed better results over a two-year period (403 patients). The conclusion was that the capsular repair group was safer and showed better results than the unrepaired group with regard to outcome scores such as hip outcome score-activities of daily living (HOS-ADL) and hip outcome score sport-specific subscale subsets (HOS-SSS), non-arthritic hip scores (NHAS) and modified Harris hip scores (mHHS). However, when the confounding variables were taken into account, the use of capsular repair did not show clinically relevant superiority over the use of unrepaired capsulectomy. But we must not forget that iatrogenic hip instability has been associated with capsulotomy without repair, labral resection and aggressive labra resection. Excessive resection of the lateral acetabular rim and labrum has led to instability requiring conversion to total hip arthroplasty 20, 21) . Acetabular and femoral osteochondroplasty with 22) or without 23) capsular plication has resulted in postoperative dislocation, requiring immediate open revision plication and revision arthroscopic plication two months postoperatively after minor trauma 22) . We agree that a center-edge angle of less than 20。is a contraindication for rim trimming 24) .
Is Labral Reconstruction with Autograft or Allograft Necessary?
Philippon et al. 27) reported that hip arthroscopic labral reconstruction using iliotibial band autograft was performed on patients who had a labral deficiency or advanced labral degeneration (mean age, 37 years). These patients had good outcomes and a high satisfaction rating. But lower satisfaction was associated with joint space narrowing (2 mm or less) and increased age 25) . There is a report using a Gracilis tendon which also noted satisfactory results without any complications 26) . However, there were no reports outlining allograft reconstruction results (Fig. 2) .
What Is a Common Cause of Second-look Hip
Arthroscopy?
The most common cause for revision hip arthroscopy is a residual deformity 14) . Ross et al. 26) reported that 90% of patients undergoing revision surgery for symptomatic FAI had residual deformities; the mean maximal alpha angle in revision hips was 68。 ±16。and most often located at 1:15, considering the acetabulum as a clock face and 1 to 5 o'clock as anterior independent of side. They found marked radiographic evidence of incomplete correction of deformities in patients with residual Harris et al. 13) reported a systemic review of 6,344 hips (6,134 patients; mean participant age, 34.4 years). These were subdivided into minor complications (iatrogenic chondral damage, temporary nerve palsy, superficial infection, hypothermia, deep vein thrombosis, broken instrumentation, heterotopic ossification) and major complications (deep infection, skin damage, pulmonary embolus, intra-abdominal or intrathoracic extravasation, requiring surgical decompression drainage, large vessel vascular injury, avascular necrosis, femoral neck fracture, dislocation, death). All information used in this review was extracted from these articles. There was a 7.5% minor complication rate. Iatrogenic chondral and labral injuries during portal placement were the most common complications. And the most common neural complications were temporary pudendal nerve and lateral femoral cutaneous nerve injuries. There was a 0.58% major complication rate. Of these, damage to the perineal skin, hip dislocation, intra-abdominal and intrathoracic fluid extravasation, hypothermia, infection, thromboembolic phenomena, avascular necrosis, heterotopic ossification, femoral neck fracture and death all occurred in less than 1% of patients.
The authors of this paper experienced a new complication: a second-degree burn while working through the anterolateral portal. This thermal burn was caused by insufficient pumping action 29) . There are papers reporting on femoral head fractures, avascular necrosis of the femoral head, and deep gluteal syndromes that were all managed by hip arthroscopy (Fig. 3) . Park et al. 30) reported that a femoral head fracture dislocation (Pipkin I) was successfully managed and internally fixed using arthroscopy. Recently a few reports were published that deal with the assessment and management of avascular necrosis of the femoral head using bone grafts and hip arthroscopy 31, 32) . Another new field of application for arthroscopy is deep gluteal syndrome (DGS), which is also called sciatic nerve entrapment in the gluteal region (including piriformis syndrome) (Fig. 4) . According to Martin et al. 33) , DGS was successfully managed using a hip arthroscopic instrument.
We can imagine that in the future the indication will be expanded to the pelvic cavity such as endoscopic pelvic surgery, e.g., pudendal nerve entrapment syndrome, reduction of fractures of the pelvic bone, assessing the cutting line near the sciatic nerve (pelvic osteotomy), and inserting an electrode into sciatic nerves in the case of paralyzed patients.
CONCLUSION
FAI is becoming one of the most frequent indications for hip arthroscopy. Due to the technical complexity of hip arthroscopy it is necessary to carefully select suitable patients for this procedure. Complications are directly related to technical aspects of the procedure and will therefore decrease with surgeon experience and better instrumentation. In spite of the great effort needed to master this technique, hip arthroscopy should be expanded to intra-articular and extra-articular hip disease.
